Insulin and insulin-like-growth-factor-I (IGF-I) receptors were partially purified from full-grown (stages V-VI) Xenopus laevis oocytes by affinity chromatography on wheat-germ agglutinin-agarose. Competitive-binding assays revealed high-affinity binding sites for both insulin and IGF-I (Kd = 2.5 x 10-10 M and 8 x 10-10 M respectively). However, IGF-I receptors were about 15 times more abundant than insulin receptors (22.5 x 101l versus 1.5 x 1011/mg of protein). Moreover, comparison of intact and collagenase-treated oocytes showed that most of the insulin receptors were in the oocyte envelopes, whereas IGF-I receptors were essentially at the oocyte surface. Oocyte receptors were composed of a-subunits of -130 kDa and a doublet offl-subunits of 95 and 105 kDa, which both had ligand-induced phosphorylation patterns compatible with IGF-I receptor f-subunits. Accordingly, the receptor tyrosine kinase was stimulated at low IGF-I concentrations [half-maximally effective concentration (EC50) -0.5-1 nM], and at higher insulin concentrations (EC50 -" 20-50 nM). Partially purified glycoproteins from Xenopus liver and muscle contained mainly receptors of the insulin-receptor type, with ac-subunits of 140 kDa in liver and 125 kDa in muscle, and doublets off8-subunits of 92-98 kDa in liver and 85-94 kDa in muscle. Immunoprecipitation of receptors from oocytes, liver and muscle by receptor-specific anti-peptide antibodies suggested that the fl-subunit heterogeneity resulted from the existence of two distinct IGF-I receptors in oocytes and of two distinct insulin receptors in both liver and muscle. In the different tissues, the two receptor subtypes differed at least by their fl-subunit C-terminal region.
INTRODUCTION
Insulin and insulin-like growth factor-I (IGF-I) induce pleiotropic responses in many cell types, including activation of metabolic processes such as glucose or amino acid uptake, glycogen synthesis and stimulation of cell growth and differentiation [1] . The receptors for insulin and for IGF-I are highly homologous, sharing similar heterotetrameric structures composed of disulphide-linked a-and fl-subunits, the former carrying most or the whole of the ligand-binding site, and the latter having an intrinsic tyrosine kinase activity [2] .
Despite their similarities at ligand and receptor levels, insulin and IGF-I are specialized in vivo. Whereas insulin mediates mostly metabolic effects, IGF-I acts as a potent growth and differentiation factor [1, 3] . However, in vitro there is an overlap of biological effects that may result, at least in part, from spillover of the ligand to the other receptor at high peptide concentrations [4] [5] [6] .
For the insulin receptor, autophosphorylation of its f-subunits on tyrosine residues is the earliest post-binding event identified so far. However, the molecular basis of post-receptor signalling and of receptor biological specificity is not known [7, 8] . A system allowing experimental modulation at post-receptor level would be of great interest to study signal transmission by the insulin and IGF-I receptors. The Xenopus laevis oocyte offers the potential of such a system, because it can be micro-injected with relative ease [9] , and permits evaluation of interactions between receptors encoded by injected mRNA and the endogenous second-messenger pathways [10] . Moreover, in full-grown G2- arrested oocytes, insulin and IGF-I induce the re-initiation of the meiotic cycle, a process called maturation [11] , and activate glucose uptake in a concentration-dependent manner [12, 13] . IGF-I is more potent than insulin in mediating these responses, suggesting that insulin and IGF-I effects are mainly mediated through IGF-I receptors [12, 13] . However, the exact molecular identity of oocyte receptors has not been determined so far.
In this study, we have characterized the specific binding of insulin and IGF-I to partially purified receptors from Xenopus oocytes. We have also examined their autophosphorylation properties and studied their subunit composition by immunoprecipitation by anti-peptide antibodies followed by SDS/PAGE analysis. Our data show that full-grown oocytes bear two 
Oocyte isolation
Ovarian lobes were surgically removed from frogs anaesthetized in ice-cold water and transferred to sterile Modified Barth Solution (MBS) as described in [9] . MBS is 15 mmHepes/NaOH, pH 7.6, 88 mm-NaCl, 1 mM-KCI, 2.4 mMNaHCO3, 0.3 mM-Ca(NO3)2, 0.41 mM-MgSO4, containing 10 ,ug of sodium penicillin/ml and 10 ,ug of streptomycin sulphate/ml.
After rinsing in MBS, stage V-VI oocytes were manually dissected from ovarian lobes. Oocyte envelopes were removed by treatment for 2 h in collagenase IA (2 mg/ml) or in collagenase 11 (2 mg/ml) and STI (0.4 mg/ml). Healthy oocytes were then selected and used.
Partial purification of receptors
Oocytes (2000-3000) were rinsed and Dounce-homogenized in Hepes buffer [50 mM-Hepes/1 50 mM-NaCl, pH 7.6, supplemented with phenylmethanesulphonyl fluoride (100,UM), aprotinin (100 units/ml), bacitracin (1 mM) and Triton X-100 (1 %, v/v)]. Liver and skeletal muscle from the posterior legs were removed from Nembutal-anaesthetized frogs, washed in Hepes buffer, and homogenized with a Polytron apparatus. The homogenates were incubated at 4°C for 30min with continuous stirring and clarified by centrifugation at 175 000 g (rav 1 1.2 cm) for 30 min at 4°C. The supernatant was subjected to affinity chromatography on WGA-agarose as described in [14] . The eluted material is designated 'partially purified receptors'. The fraction termed 'oocyte lysate' was prepared by adsorption of the high-speed supernatant on a DEAE-Sepharose column, followed by elution in 50 mM-Hepes/250 mM-NaCl, pH 7.6, containing protease inhibitors as above and 0.1 % Triton X-100. [17] . Antibody anti-KI is directed against a peptide corresponding to insulin receptor residues 1247-1261, which are not conserved in the IGF-I receptor (insulin receptor residues are numbered in accordance with Ullrich et al. [18] 20 'C with 100 mM-NaF/20 mM-EDTA. The incorporation of radioactive phosphate into the substrate was determined by a filter-paper assay as described in [19] .
RESULTS

Binding of insulin and IGF-I to partially purified oocyte receptors
Specific binding of both insulin and IGF-I was found in partially purified receptors from oocytes isolated by manual dissection. Fig. 1 shows Scatchard analysis of binding data for insulin and IGF-I. The plots were curvilinear, as usually seen with insulin or IGF-I, with a relatively high level of low-affinity binding. Dissociation constants (Kd) for the high-affinity binding were calculated from two independent experiments, and were 2. Phosphorylation of partially purified oocyte receptors Partially purified oocyte receptors were exposed to insulin or IGF-I and then to [y-32P]ATP. After immunoprecipitation with antibodies to phosphotyrosine, proteins were analysed on SDS/ PAGE (Fig. 3) . Under reducing conditions, two phosphoproteins were revealed at 94 and 105 kDa (lanes [1] [2] [3] [4] [5] . At 0.1 uM, insulin and IGF-I stimulated the phosphorylation of both proteins (lanes 2 and 4), but at 1 nm, IGF-I was more potent than insulin (lanes 3 and 5 Both insulin and IGF-I stimulated the substrate-phosphorylation activity of oocyte receptors in a concentrationdependent manner (Fig. 4) . The half-maximally effective concentration (EC50) was 20-50 nm for insulin, and 0. The reaction was stopped with NaF/EDTA (100 mM/20 mM) and the samples were exposed to affinity-purified anti-phosphotyrosine Ig (final concn. 5 /g/ml). Precipitation was achieved by adding Protein A coupled to Sepharose CL4B. The samples were analysed by SDS/PAGE on 7.5% (non-reduced) or 5% (reduced) gels, followed by autoradiography; OR, origin. Immunoprecipitation of receptors from oocyte. The phosphorylated receptors were immun various antibodies specific for insulin or IGF-] In addition to antibodies to phosphotyrosine almost 100 % of the phosphorylated receptc bodies precipitated Xenopus receptors, anti-K: specific), and anti-Cl (directed to a sequence and IGF-I receptors). However, even at hi centration, the amount of receptor precipita gesting that the avidity of these antibodies is weak. In agreement with the expected r anti-Cl precipitated one species from oocyte receptors, whereas anti-KI recognized the tu fl-subunit subtypes in liver and muscle, but n molecular species detected by anti-Cl in liver different from that recognized in oocytes, as si of anti-K1 to immunoprecipitate oocyte rec the lower-molecular-mass species of both receptors was precipitated by anti-K1, bul suggesting immunological differences betwe subtypes. Treatment of receptors with dit immunoprecipitation, under conditions whi sulphide links between a-subunits and betwe did not modify the immunoprecipitation by anti-Cl (results not shown).
We interpret these data to mean that ooi IGF-I receptors that can be distinguished t subtypes. One of these subtypes, the 94 kDa f epitope. In liver and muscle, two distinct ins also observed. One of these forms contains a ,8 both Cl and KI epitopes, whereas the other higher electrophoretic mobility that bears th not the Cl epitope.
DISCUSSION
The glycoprotein-rich fraction of Xenopi [1, 7, 8] . Moreover, IGF-I was more potent I receptors (Fig. 6 ). [11] [12] [13] . We common to insulin have found that both glucose uptake and oocyte maturation igh antibody conwere equally stimulated by high insulin *concentrations (EC50 -ted was low, sug-10-50 nM) than by low IGF-I concentrations (EC50 " 0.2-1 nM) for the receptors [25] . As [31] . Two immunologically distinct IGF-I receptors were also observed during central-nervous-system development [32] . These data suggest the existence of a fetal version of IGF-I receptor, a hypothesis that could also explain the presence of an altered IGF-I receptor in the human leukaemic cell line HL-60 [33] . It would thus be interesting to study the fate of the two forms of oocyte IGF-I receptors in fertilized eggs and in embryos. On the other hand, it should be kept in mind that frogs of the genus Xenopus are tetraploid animals, as a result of a genome duplication that occurred about 30 million years ago [34] . Some of the duplicated genes may have diverged, as recently shown by the existence of two non-allelic genes that encode distinct insulins in Xenopus laevis pancreas [35, 36] . So far one Xenopus insulin species has been tested, and found to be approx. 1.5-2-fold more potent than pig insulin in binding to human insulin receptors, and in stimulating glucose oxidation in rat adipocytes [36] . Similarly, this genome duplication could account for the presence ofmultiple subtypes of both insulin and IGF-I receptors. Further studies are needed to determine if these receptor subtypes are specialized in biologically different functions.
